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PATENTS 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re application of 
Eric FERRET et al . 
Serial No. (unknown) 
Filed herewith 

METHOD FOR MAKING EMULSIONS 
AND IMPLEMENTING DEVICE 



PRELIMINARY AMENDMENT 

Commissioner for Patents 

Washington, D.C. 2 0231 

Sir: 

Prior to calculation of the filing fee, please 
substitute claims 1-10 as originally filed, which appear on 
pages 15-17, with claims 1-10 as filed in the Article 34 
amendment of September 11, 2001. The pages containing claims 
1-10 are marked "AMENDED SHEETS" and are attached hereto. 
Following the insertion of these claims, please amend as 
follows : 

IN THE CLAIMS : 

Amend claim 3 as follows: 

--3. (amended) Method according to claim 1, 
characterised in that the temperature of the dispersed phase 
under pressure is regulated in a temperature range included 
between -20 °C and +80 °C. 

Amend claim 4 as follows: 
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--4. (amended) Method according to claim 1, 

characterised in that the contacting of the resulting coherent 
jet (9) with the continuous phase is obtained by positioning 
said resulting coherent jet (9) in immersion in the continuous 
phase in static or virtually static position. 

Amend claim 5 as follows: 

--5. (amended) Method according to claim 1, 
characterised in that the contacting of the resulting coherent 
jet (9) with the continuous phase is obtained thanks to means 
ensuring introduction of the continuous phase in said result- 
ing coherent jet (9) and simultaneously their emulsion which 
in that case constitutes a final coherent jet (13) . 

Amend claim 8 as follows: 

--8. (amended) Emulsifier device according to claim 
6, characterised in that the means (3) for connection between 
the high-pressure pump (2) and the spray means (4) are 
provided with temperature regulating means (6) over all or 
part of their length. 

Amend claim 10 as follows: 

--10. (amended) Emulsifier device according to 
claim 6, characterised in that the drawing-off means (10) are 
provided with temperature regulation means (33, 36, 37, 38, 
39) connected to the heat exchanger (13) 
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REMARKS 

The above changes in the claims merely place the 

national phase application in the same condition as it was 

during Chapter II of the international phase, with the 
multiple dependencies being removed. 

Attached hereto is a marked-up version of the 
changes made by the current amendment. The attached page is 
captioned "VERSION WITH MARKINGS TO SHOW CHANGES MADE". 

Respectfully submitted, 
YOUNG Sc THOMPSON 

By £L>£f 

Benoit Castel 
Attorney for Applicants 
Registration No. 35,041 
745 South 23rd Street 
Arlington, VA 222 02 
Telephone : 703/521-2297 

January 22, 2 002 
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CLAIMS 
AMENDED SHEETS 

1 - Method of continuously or dis continuously making 
a mixture or an emulsion from at least one emulsifying 
agent and at least two fluids known to be immiscible, for 
example a liquid fat mixed with water and an appropriate 

5 emulsifying agent, said fluids defining a dispersed phase 
and : a continuous phase, characterised in that, the 
dispersed phase being either contained in an adapted tank 
or continuously supplied, at least the following steps are 
carried out in order: 
10 - the dispersed phase is pressurised by conventional 

high-pressure pumping means, then 

- the dispersed phase is suddenly depressurised using 
means generating a coherent jet (5) then 

- an appropriate emulsifying agent is then introduced 
15 into said coherent jet (5) thanks to means ensuring mixing 

of the dispersed phase with said emulsifying agent and thus 
procuring a resulting coherent jet (9) then 

- said resulting coherent jet (9) is contacted with 
the continuous phase in order finally to obtain the 

20 emulsion. 

2 - Method according to Claim 1, characterised in 
that the fluid or fluids forming the dispersed phase is 
pressurised at a pressure greater than or equal to 200 MPa. 

3 - Method according to either one of the preceding 
25 Claims, characterised in that the temperature of the 

dispersed phase under pressure is regulated in a 
temperature range included between -20°C and +80 °C. 

4 - Method according to any one of the preceding 
Claims, characterised in that the contacting of the 

30 resulting coherent jet (9) with the continuous phase is 
obtained by positioning said resulting coherent jet (9) in 
immersion in the continuous phase in static or virtually 
static position. 

5 - Method according to any one of Claims 1 to 4, 
35 characterised in that the contacting of the resulting 
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coheirent jet (9) with the continuous phase is obtained 
thanks to means ensuring introduction of the continuous 
phase in said resulting coherent jet (9) and simultaneously 
their emulsion which in that case constitutes a final 
5 coherent jet (13) . 

6 - Device for continuously or discont inuously making 
a mixture or an emulsion from at least one emulsifying 
agent and at least two fluids known to be immiscible, for 
example a liquid fat mixed with water and an appropriate 

10 emulsifying agent, said fluids defining a dispersed phase 
and a continuous phase, implementing the method according 
to Claim 4 and comprising a high-pressure pump (2) of which 
the inlet is connected to a source of fluid such as a 
tank, (1) containing a dispersed phase, characterised in 

15 that, the outlet of the high-pressure pump (2) is connected, 
by connection means (6) , to means (4) for spraying the 
dispersed phase in the form of a coherent jet (5) 
co-operating with means (7) , connected to an open tank (8) 
and : using the Venturi effect, for introduction of the 

20 emulsifying agent in said coherent jet (5) to form a 
resulting coherent jet (9) in a focussing tube (30) fast 
with the introduction means (7) and opening out, in 
immersion, in the continuous phase contained in means (10) 
for drawing off the emulsion continuously or 

25 discontinuously . 

7 - Device for continuously or discontinuously making 
a mixture or an emulsion from at least one additive and at 
least two fluids known to be immiscible, for example a 
liquid fat mixed with water and an appropriate emulsifying 

30 agent, said fluids defining a dispersed phase and a 
continuous phase, implementing the method according to 
Claim 5 and comprising a high-pressure pump (2) of which 
the inlet is connected to a source of fluid such as a tank 
(1) containing a dispersed phase, characterised in that the 

35 outlet of the high-pressure pump (2) is connected, by 
connection means (3) , to means (4) for spraying the 
dispersed phase in the form of a coherent jet (5) , provided 
at their outlet with at least two means (7, 11) which are 
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mounted in series, connected to an open tank (8) and (12) 
respectively and using the Venturi effect, for introduction 
respectively at least of the emulsifying agent in said 
coherent jet (5) in order to form a resulting coherent 
5 jet (9) and of the continuous phase in said resulting 
coherent jet (9) in order to form a final coherent jet (13) 
and thus procure the emulsion which is continuously or 
discontinuously recovered at the outlet of the second 
intrbduction means (11) by drawing- off means (10) . 

10 8 - Emulsifier device according to either one of 

Claims 6 and 7, characterised in that the means (3) for 
connection between the high-pressure pump (2) and the spray 
means (4) are provided with temperature regulating 
means (6) over all or part of their length. 

15 9 - Emulsifier device according to Claim 8, 

characterised in that the temperature regulation means (6) 
are constituted by a temperature probe (20) positioned on 
the connection means (3) and by a coil (18) formed by 
turns, connected to a heat exchanger (13) / which surrounds 

20 said connection means (3) . 

10 - Emulsifier device according to any one of 
Claims 6 to 9, characterised in that the drawing-of f 
means (10) are provided with temperature regulation 
means (33, 36, 37, 38, 39) connected to the heat 

25 exchanger (13) . 
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3 . Method according to cither one of the proooding 
Claimo claim 1 , characterised in that the temperature of the 
dispersed phase under pressure is regulated in a temperature 
range included between -2 0 °C and +8 0°C. 

4 . Method according to any — on e — e£ — the — preceding 
Claims claim 1 , characterised in that the contacting of the 
resulting coherent jet (9) with the continuous phase is 
obtained by positioning said resulting coherent jet (9) in 
immersion in the continuous phase in static or virtually 
static position. 

5 . Method according to any — @i*e — e£ — Claimc — 1 — fee — 4- 
claim 1 , characterised in that the contacting of the resulting 
coherent jet (9) with the continuous phase is obtained thanks 
to means ensuring introduction of the continuous phase in said 
resulting coherent jet (9) and simultaneously their emulsion 
which in that case constitutes a final coherent jet (13). 

8 . Emulsif ier device according to -e ither — esie — 
Claims — G — and 7 claim 6 , characterised in that the means (3) 
for connection between the high-pressure pump (2) and the 
spray means (4) are provided with temperature regulating means 
(6) over all or part of their length. 

10. Emulsif ier device according to any — ene — -e# 
Claimo — 6 — fee — 9- claim 6, characterised in that the drawing-of f 
means (10) are provided with temperature regulation means (33, 
36, 37, 38, 39) connected to the heat exchanger (13). 
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ABSTRACT OF THE DISCLOSURE 

A method and an implementing device, for making a 
mixture or an emulsion from at least an emulsifier and at 
least two fluids known to be immiscible, the fluids defining 
a dispersed phase and a continuous phase. The method is 
5 characterised in that the dispersed phase being either 

contained in an adapted tank, or continuously supplied, it 
comprises a first step which consists in pressurising the 
dispersed phase; then in suddenly depressurising the dispersed 
phase using elements generating a coherent jet (5) . Then an 
10 appropriate emulsifier is introduced into the coherent jet (5) 

with elements for mixing the dispersed phase with the emulsi- 
fier thereby providing a resulting coherent jet (9) which is 
finally contacted with the continuous phase to obtain the 
mixture or the emulsion. 
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METHOD FOR MAKING EMULSIONS AND IMPLEMENTING DEVICE 

The present invention relates to a method for making 
emulsions and to an emulsifier carrying out this method. 
Such a method will find numerous applications, particularly 
in the domains of cosmetology, the food industry for making 
5 French dressing for example, pharmacy, petrochemistry, 
etc . . . 

The making of an emulsion generally consists in the 
mixture of two fluids, i.e. of two liquids, determining two 
phases, by hypothesis immiscible, one being called 

10 dispersed phase and the other continuous phase, and of 
which one forms microscopic droplets in the other. This 
mixture or emulsion, and more particularly the size of the 
droplets of the dispersed phase in the continuous phase, 
depends in particular on the energy furnished in the form 

15 of s.tirring to the medium which provokes shear of the fluid 
and thus allows reduction of the size of the droplets of 
the emul s i on . 

Furthermore, it is often necessary to add an 
emulsifying agent in order to stabilise the emulsion in 

20 time, avoiding coalescence of the dispersed phase and thus 
to allow storage of the emulsion. In effect, in an emulsion 
of the oil -in- water type where the water corresponds to the 
continuous phase and the oil to the dispersed phase, oil 
and water not being miscible, the droplets of oil will tend 

25 to collect together to form larger droplets, thus creating 
a phenomenon of coalescence. 

Particularly in the domain of the food industry, 
emulsifiers are well known, such as high-pressure 
homogenises or "microf luidisers" producing emulsions 

30 comprising an emulsifying agent, for example an emulsion of 
the oil-in-water type. 

Homogenisers are conventionally constituted by a 
homogenisat ion head and a high-pressure pump in order to 
pressurise a fluid contained in a tank. The fluid under 

35 pressure is usually a pre - emul s ion , i.e. it is question of 
a partial mixture of the dispersed phase, of the continuous 
phase and of the emulsifying agent; this fluid is then sent 
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through the homogenisation head principally constituted by 
a base, a valve and impact plates. The pressure of the 
fluid is suddenly relaxed through an appropriate opening in 
order to attain a speed of the order of several hundreds of 
5 metres per second, then comes into contact with the valve 
which splits the fluid and sprays it onto the impact plates 
thus furnishing the necessary energy to the medium, in the 
form of stirring, for making the emulsion. These 
homogenisers, benefiting from present-day technologies, 

10 operate at pressures that may attain 200 MPa. 

Such homogenisers present the major drawbacks of wear 
of the homogenisation head due to the considerable 
frictions of the fluid on the valve and the impact plates 
as well as a heating of the emulsion. Furthermore, for 

15 thesis devices operating from a pre-emulsion, a method of 
pre - emu 1 s ion is necessary upstream of the homogenisers, 
thus increasing the production costs. 

In this respect, homogenisation heads have been 
designed, which significantly reduce their wear; this is 

20 the case for example of French Patent FR 2748954 concerning 
a homogenise -emuls if ier module. This module is principally 
constituted by a cylindrical body presenting at each of its 
ends respectively a direct inlet unit and an outlet unit. 
The cylindrical body contains a succession of hollow 

25 cylindrical cartridges open on one of their transverse 
faces and they are connected together by springs . These 
cartridges contain a plurality of vibrating discs which may 
slidse along the central hollow axis of the cylindrical body 
of the module. When a fluid under pressure is introduced 

30 via the direct inlet unit into the cylindrical body, all 
the vibrating discs start to move, thus creating an effect 
of s,hear of the fluid which allows reduction of the size of 
the drops of the emulsion. 

"Microf luidisers" also exist which are conventionally 

35 constituted by an interaction chamber and a high-pressure 
pump to pressurise a fluid contained in an appropriate 
tank. The pressurised fluid is usually a pre -emul s ion which 
is sent into the interaction chamber in which the latter is 
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bombarded by itself with a high energy contributed by the 
pressurisation of the fluid, which allows the emulsion to 
be made . 

One drawback of all these devices is that of 
5 procuring an emulsion of which the droplets present a mean 
diameter of the order of a micrometer, which is not fully 
satisfactory for applications in the food and cosmetology 
domains , for example . 

Another drawback of these devices is the considerable 

10 quantity of emulsifying agent necessary for stabilising 
such an emulsion. This considerable addition of emulsifying 
agent is in that case translated by an excess of said 
emulsifying agent in the continuous phase of the emulsion 
after it has been made, which affects the organoleptic 

15 qualities of the emulsion in particular and increases the 
production costs. 

One of the objects of the invention is therefore to 
overcome these drawbacks by proposing a method for making a 
mixture or an emulsion, for example of the oil-in-water 

20 type, in order to obtain a greater fineness of the 
droplets, using a minimum quantity of emulsifying agent for 
stabilising said emulsion in time. 

To that end and in accordance with the invention, the 
method for continuously or discontinuous ly making a mixture 

25 or an emulsion from at least one emulsifying agent and at 
least two fluids known to be immiscible, for example a 
liquid fat mixed with water and an appropriate^ emulsifying 
agent, said fluids defining a dispersed phase and a 
continuous phase, is noteworthy in that, the dispersed 

30 phase being either contained in an adapted tank or 
continuously supplied, it comprises a first step of 
pressurisation of the dispersed phase by conventional high- 
pressure pumping means, then a sudden depressurisation of 
said dispersed phase is effected using means generating a 

35 needle jet, i.e. a jet of narrow cross-section, or coherent 
jet in which the dispersed phase may attain a speed of 
about 900 m . s" 1 . In that case it can be envisaged to 
introduce the coherent jet of the dispersed phase in a 
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continuous phase in which an appropriate emulsifying agent 
has been dissolved in order to obtain the emulsion. 

Such a method does not make it possible to obtain a 
sufficiently small mean size of the droplets, and this is 
5 why it is preferred to introduce the appropriate 
emulsifying agent into said coherent jet thanks to means 
ensuring mixture of the dispersed phase with said 
emulsifying agent. In that case a resulting coherent jet is 
obtained which comprises the dispersed phase and the 

10 emulsifying agent . This resulting coherent jet is finally 
contacted with the continuous phase in order to obtain the 
mixture or the emulsion. 

An emulsion is thus obtained whose droplets present a 
meam diameter included between some tens and some hundreds 

15 of nanometres, depending on the fluids used, while 
requiring a reduced addition of emulsifying agent 
conttrarily to the prior art where the diameter of the 
dropDLets decreasing, i.e. their total surface increasing, a 
greater quantity of additive would have been necessary. 

20 Furthermore, the contacting of the resulting coherent 

jet with the continuous phase, according to a first variant 
of the method, is obtained by positioning said resulting 
coheorent jet in immersion in the continuous phase in static 
or quasi -static position in drawing-off means. 

25 According to a second variant of the method, the 

contacting of the resulting coherent jet with the 
continuous phase is obtained thanks to means ensuring 
introduction of the continuous phase in said resulting 
coherent jet and simultaneously their emulsion which in 

30 that case constitutes a final coherent jet. 

Upon the sudden depressurisat ion of the dispersed 
phasje , the latter undergoes a heating which may in 
particular modify its hydrodynamic and organoleptic 
characteristics, and this is why the temperature of the 

35 dispersed phase under pressure is regulated in a 
temperature range included between -20°C and +80°C for the 
making of the emulsion to be more homogeneous in time. 

Moreover, the dispersed phase is pressurised at a 
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pressure greater than or equal to 200 MPa. 

Another object of the invention concerns an 
emulsifier device for continuously or discont inuously 
making a mixture or an emulsion from at least one 
5 emulsifying agent and at least two fluids known to be 
immiscible, for example a liquid fat mixed with water and 
an emulsifying agent, said fluids defining a dispersed 
phase and a continuous phase, and said device comprising a 
high-pressure pump of which the inlet is connected to a 

10 source of fluid such as a tank containing a dispersed 
phase; this device is noteworthy in that the outlet of the 
high-pressure pump is connected, by connection means, to 
means for spraying the dispersed phase in the form of a 
cohegrent jet co-operating with means for introduction, 

15 using the Venturi effect, of an emulsifying agent in said 
coherent jet opening out, in immersion, in the continuous 
phase contained in a tank provided with means for drawing 
off the emulsion continuously or discont inuously . 

According to a variant embodiment of the device 

20 comprising a high-pressure pump of which the inlet is 
connected to a source of fluid such as a tank containing a 
dispersed phase, the outlet of the high-pressure pump is 
connected, by connection means, to means for spraying the 
dispersed phase in the form of a coherent jet, provided at 

25 their outlet with at least two means, which are mounted in 
series and using the Venturi effect, for introduction 
respectively at least of the emulsifying agent in said 
coherent jet and of the continuous phase in the resulting 
coherent jet, to procure the emulsion which is 

30 advantageously continuously recovered at the outlet of said 
introduction means . 

According to a secondary characteristic of the 
devices according to the invention, the connection means, 
between the high-pressure pump and the spray means, are 

35 provided with temperature regulating means over all or part 
of their length. 

Other advantages and characteristics will appear more 
readily from the following description of several variant 
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embodiments, given by way of non- limiting examples, of the 
method and the emulsifier device implementing it according 
to the invention, with reference to the accompanying 
drawings , in which: 
5 - Figure 1 schematically shows the emulsifier device 

according to the invention, 

- Figure 2 is a partial diagram, in slight 
perspective, of the emulsifier device according to the 
invention comprising the tank of dispersed phase, the 

10 high:-pressure pump, the connection means and the 
temperature regulating means, 

- Figure 3 is a partial diagram of the first variant 
embodiment of the emulsifier device according to the 
invention comprising the means for spraying the dispersed 

15 phase, the means for introducing the emulsifying agent in 
the jet and the drawing -off means, 

- Figure 4 is a partial diagram of the second variant 
embodiment of the emulsifier device according to the 
invention comprising the means for spraying the dispersed 

20 phase, two means for respectively introducing the 
emulsifying agent and the continuous phase mounted in 
series, and the drawing-off means, 

- Figure 5 is a graph representing the percentage (%) 
of the droplets as a function of their diameter expressed 

25 in nanometres (nm) for an example of emulsion of the oil- 
in-water type, comprising 10% of sunflower oil, 89% of 
water and 1% of emulsifying agent Tween 20 (Registered 
Trademark) , and obtained by spraying a jet of sunflower 
oil, pressurised at 2 00 MPa, in water in which the Tween 2 0 

30 (Registered Trademark) was previously dissolved, 

- Figure 6 is a graph representing the 
percentage (%) of the droplets as a function of their 
dianVeter expressed in nanometres (nm) for an emulsion of 
the oil-in-water type, comprising 10% of sunflower oil, 

35 89.5% of water and 0.5% of emulsifying agent Tween 20 
(Registered Trademark) and obtained according to the 
method, 

- Figure 7 is a graph representing the influence of 
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the emulsifying/continuous phase ratio on the stability of 
an emulsion of the water- in-oil type. 

For reasons of clarity, "emulsion" will designate 
hereinafter all mixtures and emulsions obtained according 
5 to the invention and " emulsif ier " all the mixer, 
homogeniser, "microf luidiser" , emulsif ier and homogeniser- 
emulsifier devices . 

The device for continuously or discontinuously making 
an emulsion which is shown in Figures 1 to 4, comprises a 

10 tank: 1 containing a dispersed phase and of which the outlet 
is cionnected to a high -pressure pump 2 . A booster pump (not 
shown in the Figures) will advantageously be positioned 
between the tank 1 and the high-pressure pump 2 in order to 
prime the latter in conventional manner. The outlet of the 

15 high-pressure pump 2 is connected, with reference to 
Figure 1, by connection means 3, to means 4 for spraying 
the continuous phase in the form of a needle jet or 
coherent jet 5. Furthermore, the connection means 3, 
between the high-pressure pump 2 and the spray means 4, are 

20 provdded with means 6 for regulating the temperature of the 
dispersed phase, under pressure in said connection means 3, 
over the whole or part of their length. The outlet of the 
spray means 4 is provided with means 7 for introducing in 
the coherent jet 5 an emulsifying agent contained in a 

25 second tank 8 connected to said introduction means 7 so 
that a resulting coherent jet 9, constituted by the 
ciispeersed phase and the emulsifying agent, sprays at their 
outlet. The resulting coherent jet 9 is then contacted with 
the continuous phase contained in continuous or 

30 discontinuous drawing-off means 10 as will be seen 
herelnbelow. The resulting coherent jet 9 is preferably 
positioned in immersion in said continuous phase in order 
to benefit from the optimum energy, of said resulting 
coherent j et , necessary for obtaining a fine emulsion. 

35 According to a variant embodiment of the emulsifier 

device according to the invention, the outlet of the 
introduction means 7 is provided with second introduction 
means 11 # shown in dotted lines in Figure 1, in the 
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resulting coherent jet of a continuous phase contained in a 
third tank 12, also shown in dotted lines in Figure 1, 
connected to said introduction means 11 so that a final 
coherent jet 13 constituted by the emulsion sprays at their 
5 outlet. The final coherent jet 13, i.e. the emulsion, is 
then continuously or discontinuously collected in the 
drawing -off means 1 0 . 

With reference to Figure 2, the tank 1, containing 
the dispersed phase, is connected to the high-pressure 

10 pump. 2 by a pipe 14 . The high-pressure pump 2 is 
advantageously a return pump which presents a very short 
time: constant and which therefore does not present any idle 
time.. It makes it possible to obtain a pressure of 400 MPa 
while ensuring a high output and constant pressure. The 

15 means 3 for connection between the high-pressure pump 2 and 
the spray means 4 (not shown in Figure 2) are constituted 
by an armoured pipe 15 adapted to convey the pressurised 
dispersed phase and they present a branch circuit 16 
provided with control valves 17 such as electro-valves. The 

20 branch circuit 16 comprises means 6 for regulating the 
temperature of the pressurised dispersed phase shown in 
dotted lines in Figure 2. The regulation means 6 are, 
furthermore, constituted by a coil 18 formed by turns 
surrounding the armoured pipe 15 on a part of the branch 

25 circuit 16 and connected to a heat exchanger 19. 

It goes without saying that the length of the coil 18 
depends in particular on the heat coefficients of the 
calorific fluid circulating in said coil 18 and on the 
dispersed phase used. Moreover, the connection means 3 do 

30 not necessarily comprise a branch circuit 16 and the 
coil 18 will in that case be directly positioned around the 
armoured pipe 15 . 

Furthermore, the regulation means 6 also comprise a 
probe 20, preferably mounted upstream of the coil 18 on the 

35 branch circuit 16, making it possible to monitor the 
temperature of the dispersed phase in the armoured pipe 15. 

In accordance with a first variant of the emulsifier 
device according to the invention shown in Figure 3 , the 
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spray means 4 are conventionally mounted at the end of the 
armoured pipe 15, facing the ground and they are 
constituted by a nozzle 21 supported by a nozzle-holder 22 
comprising a calibrated hole 23 . The nozzle 21 is 
5 conventionally constituted by a body 24 comprising at its 
lower end a second calibrated hole 2 5 and by a needle 26 
comprising a third calibrated hole 2 7 coaxial to the 
first 23 and to the second 25. The diameter of the 
calibrated hole 26 is advantageously included between 0.08 

io and :0.15 mm for a pressure delivered by the high-pressure 
pump; 2 of 200 MPa in order to avoid said calibrated hole 26 
being obstructed. 

It goes without saying that the spray means 4 may be 
directed upwardly in order to procure a straight jet. 

15 The nozzle 21 procures a needle jet, i.e. a jet of 

narrow cross-section, or coherent jet 5 of the dispersed 
phase which is suddenly depressurised and which sprays into 
the introduction means 7. Said introduction means 7 are 
positioned at the lower end of the nozzle-holder 22 and are 

20 constituted by a Venturi tube 28, of a length of about 
15 mm for a pressure included between 20 0 MPa and 3 00 MPa, 
forming in its central part a mixing chamber 2 9 and at its 
lower end a focussing tube 30. The coherent jet 5 thus 
sprays into the mixing chamber 2 9 where the emulsifying 

25 agent, initially contained in the tank 8 and which is 
conducted, by a flexible pipe 31 provided with a control 
valve 17 and a flowrate regulation system 32, into the 
mixing chamber 29 by Venturi effect, mixes in order to 
procure in the focussing tube 3 0 a resulting coherent 

30 jet 9. 

It should be noted that the tank 8 is an open tank so 
that, the emulsifying agent is at atmospheric pressure and 
can benefit from the Venturi effect in order to be 
conducted into the mixing chamber 29. Furthermore, it could 
35 be envisaged to introduce the emulsifying agent in the 
coherent jet of the dispersed phase by means of an 
incidental jet making a very small angle with said coherent 
j et 5 . 



15/01 2002 17:55 FAX 03 80 41 70 44 CABINET Claude „gG|J.|l^ „ g ^J|^jG ^ ^ p ^ ^ IgLO 1 5 

V 

AMU -wo i; OOO 

- 10 - 

The focussing tube 30 is positioned, in immersion in a 
static or virtually static continuous phase contained in 
the drawing -off means 10 which are constituted by a 
principal cylindrical recipient 33, a median cylindrical 
5 recipient 34 and a central cylinder 35, all coaxial. The 
principal cylindrical recipient 33 presents the largest 
cross-section and comprises two openings 36, 3 7 in its 
upper part for the introduction of a calorific fluid and 
two other openings 38, 3 9 in its lower part for the outlet 

10 of said calorific fluid, as will be seen hereinbelow. The 
openings 36, 37, 38 and 39 of the principal cylindrical 
recipient 3 3 are advantageously connected to the heat 
exchanger 19 by conventional connection means (not shown in 
the Figures). The median cylindrical recipient 34, 

15 positioned inside the principal cylindrical recipient 33, 
comprises a reinforced bottom 40 to avoid deformation 
thereof due to the pressure of the resulting coherent 
jet The central cylinder 35, opening at its two ends, is 

positioned in the median cylindrical recipient 34 so that 

20 its lower end 41 is not in contact with the reinforced 
bottom 40. Furthermore, the median cylindrical recipient 34 
and the central cylinder 35 respectively comprise an 
opening 42 in its central part for drawing-off of the 
emulision and an opening 43 in its upper part for the 

25 introduction of the continuous phase, as will be seen 
he red. nbe 1 ow . 

It goes without saying that the drawing-off means 10 
may be constituted by a single cylindrical recipient 
comprising the dispersed phase and provided, or not, with 

30 an opening in its upper part for the introduction of the 
continuous phase and with another opening in its lower part 
for J drawing off the emulsion either continuously or 
discontinuously . 

According to a second variant of the emulsifier 

35 device according to the invention, shown in Figure 4, the 
spray means 4, as described hereinabove, procure a coherent 
jet ( 5 which sprays into a first Venturi tube 2 8 as 
described hereinabove allowing the mixture of the 
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emulsifying agent, previously contained in the tank 8, with 
the dispersed phase and procuring a resulting coherent 
jet 9 as has already been seen. Said resulting coherent 
jet 9 in that case sprays into a second Venturi tube 44 
5 mounted in series with the first 2 8 and forming a second 
mixing chamber 4 5 in its central part and a second 
focussing tube 46 in its lower part. The resulting coherent 
jet 9 thus sprays into the second mixing chamber 4 5 where 
the continuous phase, initially contained in the tank 12 

10 then: conducted, by a flexible conduit 31 provided with a 
control valve 17 and a flowrate regulation system 32, into 
the second mixing chamber 4 5 by Venturi effect, mixes with 
said! resulting coherent jet 9 to procure the emulsion which 
flow's in the second focussing tube 46 in the form of a 

15 final coherent jet 13. 

It goes without saying that the device may comprise a 
plurality of Venturi tubes mounted in series making it 
possible to introduce successively in the coherent jet 5 a 
plurality of emulsifying agents and a plurality of 

20 continuous phases in order to make so-called ternary 
emulsions such as emulsions of the water-oil -water type. 

The final coherent jet 13, i.e. the emulsion, is 
collected in the drawing-of f means 10 placed vertically 
under the second focussing tube 46. The drawing-of f 

25 means 10 are in that case constituted by a simple 
cylindrical recipient 47 provided with an opening 48 in its 
loweir part to continuously draw off the emulsion as 
indicated by arrow 49. 

Naturally, the emulsion might be drawn off 

30 discontinuously by using a simple cylindrical recipient. 

The functioning of the emulsifier device according to 
the invention will now be explained with reference/ to 
Figures 2, 3, 5 and 6. To make an emulsion of oil-in-water 
type^ for example, sunflower oil, which in this case will 

35 correspond to the dispersed phase, is placed in the tank 1; 
then», by means of a booster pump (not shown in Figure 2) , 
the ^high-pressure pump 2 is primed, which then pressurises 
the , oil in the armoured pipe 15 . If necessary, the 
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different control valves 17 are then actuated for the oil 
to circulate in the branch circuit 16 in order to regulate 
its temperature- The pressurised oil sprays from the 
nozzle 21 (Figure 3) in order to form a coherent jet 5 
5 through the Venturi tube 28. The oil is preferably 
pressurised at a pressure greater than or equal to 200 MPa 
so that the coherent jet 5 has sufficient energy to form 
the emulsion without the nozzle 21 being obstructed. The 
speed of the oil may then attain 900 m.s 1 for a pressure of 
10 200 iMPa and a diameter of the nozzle 21 included between 
0.08^ and 0.15 mm. 

For reasons of clarity, Tween 20 will designate the 
emulsifying agent used, Tween 2 0 being a Registered 
Trademark for an emulsifying agent which will be called 
15 "Tween 20" hereinafter. 

By Venturi effect, the "Tween 20" is sucked by the 
coherent jet 5 of oil with which it is mixed in order to 
form* the resulting coherent jet 9. 

It should be noted that the "Tween 20" does not 
20 dissolve in the dispersed phase, i.e. the oil. Generally, 
the : emulsifying agent only dissolves in the continuous 
phase; thus, the "Tween 20" mixes homogeneously in the 
coherent jet 5 but without being dissolved therein. 

The resulting coherent jet 9 is then introduced in 
25 immersion in the water, corresponding to the continuous 
phas^e, which is continuously injected in the central 
cylinder 3 5 via the opening 4 3 as indicated by arrow 5 0 in 
Figure 3 . 

When the resulting coherent jet 9 which consists of 
30 the mixture of the oil and of the "Tween 20" comes into 
contact with the water, droplets of oils form in the water 
and the "Tween 20" is positioned around these droplets to 
avoid their collecting together and an emulsion of the oil- 
in- water type is thus obtained. The emulsion obtained in 
35 this) way continues to descend in the central cylinder 35, 
thereafter rising between the walls of the median 
cylindrical recipient 34 and said central cylinder 35, as 
indicated by arrows 51, and finally drawn off through the 
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opening 42, as indicated by arrow 52. Trie temperature of 
the emulsion may then be regulated thanks to the passage of 
a calorific fluid between the principal cylindrical 
recipient 33 and the median cylindrical recipient 34. The 
5 calorific fluid enters via the upper openings 36 , 37, as 
indicated by arrows 53 and emerges via the lower 
openings 38, 39 as indicated by arrows 54 in Figure 3. 

The size of the droplets of the emulsion, and more 
precisely their diameter, depends in particular on the 
10 energy contributed in the form of stirring to the medium as 
has already been seen, but also on the fluids used. For an 
emulsion of the oil-in-water type for example, the size of 
the droplets will depend in particular on the type of oil 
used. 

15 ; Figure 5 represents the percentage of the droplets as 

a function of their diameter, expressed in nanometres (nm) 
for ;an emulsion of the oil-in-water type, comprising 10% of 
sunflower oil, 89% of water and 1% of emulsifying agent 
" 1 Tween 20", and obtained by spraying a jet of sunflower 

20 oil, pressurised at 200 MPa, in water in which the 
"Twe:en 20" was previously dissolved. The general shape of 
the ;curve as well as the peak around 500 nm indicate that 
the mean diameter of the droplets of the emulsion is 
included between 500 and 600 nm. For an emulsion comprising 

25 10% of sunflower oil, 89.5% of water and 0.5% of 
emulsifying agent "Tween 20" and obtained according to the 

invention, the percentage of the droplets as a function of 

their diameter, expressed in nanometres, represented in 
Figure 6, presents a different curve. In effect, a first 

30 peak is observed at about 2 00 nm and a second peak at 
around 450 nm indicating a more rapid stabilisation of the 
dispersed phase, i.e. of the oil, then a slight phenomenon 
of coalescence. An emulsion is therefore obtained of which 
the size of the droplets is smaller for a lesser quantity 

35 of emulsifying agent, as specified in Figure 7. 

! The graph of Figure 7 represents the destabilisation 
expressed in percentage, on the y-axis, which corresponds 
to the percentage of the quantity of the destabilised phase 
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with respect to its initial quantity, as a function of the 
emulsifying agent /dispersed phase ratio, on the x-axis, 
i.e. the ratio of the percentages of emulsifying agent and 
of dispersed phase of the emulsion. The curve in dotted 
5 lines corresponds to an emulsion obtained by introducing a 
jet iof water, pressurised at 200 MPa, into oil in which the 
"Twe;en 2 0" was previously introduced and the solid- line 
curve corresponds to an emulsion obtained according to the 
invention. With reference to Figure 7, it is observed that 

10 the .stabilisation, i.e. a zero destabilisat ion, is obtained 
at a ratio of about 0.03 for an emulsion according to the 
invention and at a ratio of about 0.12 for the other 
emulsion obtained conventionally. Consequently, a smaller 
quantity of emulsifying agent is necessary in order to 

15 stabilise the emulsion. In effect, it may be reasonably 
estimated that the "Tween 2 0 n being introduced 
homogeneously into the oil only a few milliseconds before 
the impact with the water, due to the dimensions of the 
Venturi tube 2 8 and to the speed of the oil in the coherent 

20 jet 5, only the emulsifying agent necessary for 
stabilisation of the interface of the dispersed and 
continuous phases is required and therefore added. 

It is obvious that the values plotted in Figures 5, 6 
and ;7 are purely indicative and vary as a function of the 

25 types of emulsion. Furthermore, depending on the types of 
emulsion and their applications, an appropriate emulsifying 
agent will be used. 

Finally, it goes without saying that the method 
according to the invention and the emulsifier device 

30 implementing it allow all types of emulsion to be made, 
particularly emulsions of the water- in-oil type or of the 
ternary type, and the examples which have just been given 
are only particular illustrations which are in no way 
limiting as to the domains of application of the invention. 
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CLAIMS 

1 - Method of continuously or discont inuously making 
a mixture or an emulsion from at least one emulsifying 
agerit and at least two fluids known to be immiscible, for 
example a liquid fat mixed with water and an appropriate 

5 emulisifying agent , said fluids defining a dispersed phase 
and a continuous phase, characterised in that, the 
dispersed phase being either contained in an adapted tank 
or continuously supplied, at least the following steps are 
carried out in order: 
10 - the dispersed phase is pressurised by conventional 

high-pressure pumping means, then 

- the dispersed phase is suddenly depressurised using 
means generating a coherent jet (5) then 

- an appropriate emulsifying agent is then introduced 
15 inter said coherent jet (5) thanks to means ensuring mixing 

of t;he dispersed phase with said emulsifying agent and thus 
procuring a resulting coherent jet (9) then 

- said resulting coherent jet (9) is contacted with 
the . continuous phase in order finally to obtain the 

20 emulsion. 

2 - Method according to Claim 1, characterised in 
that: the fluid or fluids forming the dispersed phase is 
pressurised at a pressure greater than or equal to 200 MPa . 

3 - Method according to either one of the preceding 
25 Claims, characterised in that the temperature of the 

dispersed phase under pressure is regrrirated in a 
temperature range included between -20 °C and +80 °C. 

4 - Method according to any one of the preceding 
Claims, characterised in that the contacting of the 

30 resulting coherent jet (9) with the continuous phase is 
obtained by positioning said resulting coherent jet (9) in 
immersion in the continuous phase in static or virtually 
static position. 

5 - Method according to any one of Claims 1 to 4 , 
35 characterised in that the contacting of the resulting 

coherent jet (9) with the continuous phase is obtained 
thanks to means ensuring introduction of the continuous 
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phases in said resulting coherent jet (9) and simultaneously 
thei-r emulsion which in that case constitutes a final 
coherent jet (13) . 

6 - Device for continuously or discontinuously making 
5 a mixture or an emulsion from at least one emulsifying 

agent and at least two fluids known to be immiscible, for 
example a liquid fat mixed with water and an appropriate 
emulsifying agent, said fluids defining a dispersed phase 
and ;a continuous phase, implementing the method according 

10 to Claim 4 and comprising a high-pressure pump (2) of which 
the ■ inlet is connected to a source of fluid such as a 
tankl (1) containing a dispersed phase, characterised in 
that the outlet of the high-pressure pump (2) is connected, 
by connection means (6) , to means (4) for spraying the 

15 dispersed phase in the form of a coherent jet (5) co- 
operating with means (7) , connected to a tank (8) and using 
the Venturi effect, for introduction of the emulsifying 
agent in said coherent jet (5) to form a resulting coherent 
jet (9) opening out, in immersion, in the continuous phase 

20 contained in means (10) for drawing off the emulsion 
contdnuous ly or discontinuously. 

7 - Device for continuously or discontinuously making 
a mixture or an emulsion from at least one additive and at 
least two fluids known to be immiscible, for example a 

25 liqup-d fat mixed with water and an appropriate emulsifying 
agent, said fluids defining a dispersed phase and a 
continuous phase, implementing the method according to 
Claim 5 and comprising a high-pressure pump (2) of which 
the , inlet is connected to a source of fluid such as a 

30 tank (1) containing a dispersed phase, characterised in 
that! the outlet of the high-pressure pump (2) is connected, 
by connection means (3) , to means (4) for spraying the 
dispersed phase in the form of a coherent jet (5) , provided 
at their outlet with at least two means (7, 11) which are 

35 mounted in series, connected to a tank (8) and (12) 
respectively and using the Venturi effect, for introduction 
respectively at least of the emulsifying agent in said 
coherent jet (5) in order to form a resulting coherent 
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jet (9) and of the continuous phase in said resulting 
coherent jet (9) in order to form a final coherent jet (13) 
and thus procure the emulsion which is continuously or 
dis continuously recovered at the outlet of the second 
5 introduction means (11) by drawing -off means (10) . 

8 - Emulsifier device according to either one of 
Claims 6 and 7, characterised in that the means (3) for 
connection between the high-pressure pump (2) and the spray 
means (4) are provided with temperature regulating 

10 means (6) over all or part of their length. 

9 - Emulsifier device according to Claim 8, 
characterised in that the temperature regulation means (6) 
are constituted by a temperature probe (20) positioned on 
the connection means (3) and by a coil (18) formed by 

15 turnls, connected to a heat exchanger (13) , which surrounds 
said connection means ( 3 ) . 

10 - Emulsifier device according to any one of 
Claims 6 to 9, characterised in that the drawing-off 
means (10) are provided with temperature regulation 

20 means (33, 36, 37, 38, 39) connected to the heat 
exchanger (13) 
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(57) Abstract: The invention concerns a method and an implementing device, for making a mixture or and emulsion from at least an 
emulsifier and at least two fluids known to be immiscible, said fluids defining a dispersed phase and a continuous phase. The method 
is characterised in that the dispersed phase being either contained in an adapted tank, or continuously supplied, it comprises a first 
step which consists in pressurising the dispersed phase; then in suddenly depressurising said dispersed phase using means generating 
a coherent jet (5). Then an appropriate emulsifier is introduced into said coherent jet (5) with means for mixin g the dispersed phase 
with said emulsifier thereby providing a resulting coherent jet (9) which is finally contacted with the continuous phase to obtain the 
1^ mixture or the emulsion. 

(57) Abreg£: L* invention concerne un procexle*, ainsi qu'un dispositif le mettant en oeuvre, pour la fabrication d'un melange ou 
<^ d'une emulsion a partir d'au moins un emulsifiant et au moins deux fluides reputes non miscibles, lesdits fluides de'finissant une 

O phase dispersee et une phase dispersante; ce proc&ie est remarquable en ce que, la phase dispersee dtant soit contenue dans un 
reservoir adapts, soit delivree en continu, il comporte une premiere etape 

[Suite sur la page suivante] 



J 5/01 2002 18:02 FAX 03 80 41 70 44 CABINET Claude Gl^j^n^Sl MftftU- , ill Fl iP ^, ft ^° 

. * . 10/031484 

PCT/FR00/O21O6 

WO 01/05493 



2/ 6 




"7 




51 41 40 51 



L5/01 2002 18:03 FAX 03 80 41 70 44 

. * ** 

WO 01/05493 



CABINET Claude GUljfllQ n U .ft. *-k, un^M 



PGT/FR00/021O6 



4-/6 
fig. 4 




15/01 2002 18:04 FAX 03 80 41 70 44 



WO 01/05493 



CABINET Claude GUi Ift r| ^f.i Mi „ _41T,?>HTfiP 

10/031484 

PCT/FR00/02106 



5/6 



fiq.5 




> I 



(nm) 



0 200 400 600 800 1000 1200 AWQ 1600 1800 2000 




15/01 2002 18:04 FAX 03 80 41 70 44 CABINET Claude GL1L r ^ lUU\^ q ,„ . *J<>-* 

; ' 10/0314 

WO 01/05493 PCT/FROO/02106 

6/6 



fig.? 



ro 
jO 



100 
30 
60 

70 
60 
50 
40 
30 

20 
10 
0 



1 



0,05 



0,1 



0,15 



0,2 



emulsifying agent /aqueous phase ratio 



20/05 2002 19:31 FAX 03 80 41 70 44 CABINET Claude ^ R ^ , O ^.^0^" ^ 

«Atiomey ( "DsMet No. 0517-1001 
* COMBINED DECLARATION AND POWER OF ATTORNEY 

As a below named inventor I hereby declare that " ^ 5> 

My residence, post office address and citizenship are as stated below next to my name- \'\ f\ / f\%l i*. ?.v 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and Joint inventor 
(if plural names are listed below) of the subject matter which is claimed and for which a patent Is sought on the inven- 
tion entitled: METHOD FOR MAKING EMULSIONS AND IMPLE MENTING DEVICE 

the specification of which: (check one) 

REGULAR OR DESIGN APPLICATION 

□ is attached hereto. 

□ was filed on as application Serial No, and was amended on (If applicable). 

PCT FILED APPLICATION ENTERING NATIONAL STAGE 

E] was described and claimed In International application No. PCT/FRQO/02106 filed on July 21,2000. and as 
amended on 

(if any). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, Including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which Is material to patentability as defined in Title 37, Code of Federal 
Regulations, §1.56. 

PRIORITY CLAIM 

I hereby claim foreign priority benefits under 35 USC 119 of any foreign application(s) for patent or inventor's certifi- 
cate listed below and have also Identified below any foreign application for patent or inventor's certificate having a fil- 
ing date before that of the application on which priority is claimed. 

PRIOR FOREIGN APPLlCATlON(S) l ( U !° ^ 



Country 


Application 
Number 


Date of Filing 
(day, month, vear) 


Priority 
Claimed 


FRANCE 


99/08448 


21 July 1999 


Yes 











I hereby claim the benefit under Title 35. United States Code §1 1 9(o) of any United States provisional patent applica- 
tion^) listed below: 

Application No. Filing Date Status (patented, pending abandoned) " 

(Complete this part only if this is a continuing application,) 

I hereby claim the benefit under 35 USC 120 of any United States application^) listed below and, insofar as the sub- 
ject matter of each of the claims of this application is not disclosed in the prior United States application in the manner 
provided by the first paragraph of 35 USC H2 t I acknowledge the duty to disclose information which Is material to 
patentability as defined in Title 37 Code of Federal Regulations §1.58 which became available between the filing date 
of the prior application and the national or PCT international filing date of this application: 



Application No. 



Filing Date 



Status (patented, pending abandoned) 



20/05 2002 19:32 FAX 03 80 41 70 44 



CABINET Claude 



Docket No. 0517-1001 



POWER OF ATTORNEY 



7 



The undersigned hereby authorizes the U.S. attorney or agent named herein to accept and follow instructions from 
CABINET. CLAUDE GUlU as to any action to be taken In the Patent and Trademark Office regarding this application 
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ful false statements and the like so made are punishable by fine or imprisonment, or both under Section 1 001 of Title 
18 of the United States Code and that such willful false statements may jeopardize the validity of the application or 
any patent issued thereon. 
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